Abstract-The effect of randomly distributed scatterers placed in the far field of an antenna is explored. A technique for predicting the effects of specular scatterers on antenna performance has been developed. Laboratory testing of a low sidelobe antenna indicated an acceptable low sidelobe level. However, when the antenna was field tested, it exhibited average radiated power levels off the main beam that were significantly greater than those anticipated. In an effort to determine the cause of this increase, a computer model of an antenna in a field site has been developed, which includes the calculation of the total scattered power of the antenna main beam and sidelobes from specular reflectors distributed over the far field of the antenna.
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I . L W R O D U~O N
A low sidelobe antenna is designed to have a level of radiated sidelobe power far below that of the main beam [ 11. Results of controlled testing of a low sidelobe antenna indicate that a very low sidelobe level is obtainable. However, when the same antenna is placed in a field test site it exhibits average radiated power levels off the main beam which are greater than those anticipated. In an effort to determine the cause of this increase, a computer model of a low sidelobe antenna field site was developed.
The analysis presented here assumes the low sidelobe antenna is the transmitter and that the direct and scattered powers Pd and P, are calculated at some point in space which is taken to be the location of the receiver (Fig. 1) .
For low sidelobe antennas, the direct or scattered power received through the sidelobes is negligible, the main beam is responsible for the majority of received power. Though the main beam is scanned in the direction of the receiver for a brief instant, scattering from specular reflectors throughout the region results in a fluctuating signal at a distant receiver. Reciprocally, when the antenna is operating in a receive mode, a signal transmitted by an antenna in the far field will be received by being reflected into the main beam from these scatterers.
These effects can be important at both near-field [2] and far-field distances from the antenna. The closer the scattering object is to the low sidelobe antenna, the higher the incident energy, and therefore, the higher the scattered energy. Objects within the antenna near field may be kept to a minimum, but far-field scatterers are difficult to control and there may be tens or hundreds within the operating range of the antenna. Far-field objects may add significantly to the scattered power levels even though the incident energy level at each scatterer is low, if a large number of scatterers are present.
In this communication, a model is postulated that considers two distinct types of scattering. Near the antenna's radar horizon, the scatterers are considered to be uniformly distributed over the surface.
At closer ranges, they are modeled as discrete arrays of right circular cylinders (see Fig. 1 ). Cylinder scatterers were chosen to address the overall effect of scattering from manmade objects. The cylinders are randomly positioned anywhere within the far field of the transmitter. The expressions used to calculate the bistatic scattering width of the Fig. 1 . Basic geometry used to compare the scattered power P, and direct power Pd, for a receiver depressed by 0, degrees from the vertical. cylinders assume a physical optics limit (radii and length large compared to a wavelength).
E. EFFECTS ON SIDEMBES DUE TO FAR FIELD SCATTERING
In our analyses we require a standard with which to compare the amount of scattered power. We define the direct power Pd as the amount of power which is received via line-of-sight from the transmitter in the absence of all scatterers. It is against this standard that we will compare the performance of the low sidelobe radar in a more realistic environment.
A . Calculation of Direct Power
In order to assess the impact of specular scatterers on the performance of a low sidelobe antenna, the amount of received power expected in the absence of such scatterers must be determined. This will allow us to calculate the relative increase in total received power as a result of scattering from the cylinders. The direct power P d is a function of the position of the airborne receiver relative to the low sidelobe antenna, and is calculated from the radar range equation, using a curved earth geometry.
B. Homogeneous Dktribution of Cylinders
This scattering model calculates the amount of main beam and sidelobe power scattered from specular reflectors distributed randomly throughout the far field of the antenna. Several assumptions have been made: 1) each scatterer is a finite length, metallic, right circular cylinder having dimensions much larger than a wavelength, 2) multiple scattering does not occur, 3) one cylinder does not shield another from the transmitter or receiver, 4) the cylinders are homogeneously distributed with a surface density of one per square kilometer, 5) there is no multipath (ground reflection) scattering from the cylinders. The randomness of the cylinders permits the total scattered power to be determined by incoherent addition of the individual components. To insure the accuracy of this incoherent power addition, a minimum of ten cylinders is necessary. Of course, in a practical radar environment, there can be many types of specular scatterers. For the limited studies in this communication, we will restrict the scatterers to cylindrical shapes, although computer simulations exist which can also treat flat plates and distributed ground clutter. Although specular multipath is neglected in these studies, it can be included for a perfectly conducting earth by also considering the scattering from the image of each cylinder.
The airborne receiver is assumed to have an antenna characterized as a uniformly illuminated rectangular aperture. It is assumed to be U.S. Government work not protected by U.S. copyright. initially pointing at the transmitting antenna. In this study, the azimuthal and elevation power patterns for the transmitter are taken to be representative of a state-of-the-art low sidelobe antenna with the main beam fixed at the 0" point in the azimuth plane. In the extreme far field, each environmental surface element is responsible for scattering an amount of energy that is calculated from the bistatic radar equation, where propagation and system losses are neglected. In the present simulation, the bistatic cross section is considered to be a function of three aspect angles: the incident elevation angle, the scattered elevation angle, and the scattered azimuth angle. Given the coordinates of each range-azimuth cell, and the distance from a cylinder to each receiver location, it is possible to determine the bistatic scattering angles from spherical trigonometry. The expression for the bistatic scattering width is given by Ruck et a/. [3, eq.  (4.3-53) ]. Using this approximation, the bistatic radar cross section corresponding to each range-azimuth cell and receiver combination is calculated. The results obtained by applying this technique to the scenario illustrated in Fig. 2 (1)
The results of this calculation for elevation angles of 75" and 90" are shown in Fig. 3 . Here Pd is the direct power and P, is the total scattered power. When the airborne receiver is near the horizon, where the majority of the low sidelobe antenna transmit power is directed, the relative power in the sidelobe regions is on the order of -25 dB with respect to the direct power. However, when the receiver is elevated to a position 30" from the vertical, where a minimal amount of direct power is present due to the low sidelobes, the relative power is found to be + 25 dB as seen in Fig. 3 . For a receiver positioned at the horizon, the direct power is always greater than the scattered power because at this elevation (0" from the horizontal) the highest concentration of power (highest sidelobes) occurs. The effective sidelobe power is defined as the direct sidelobe power plus the average scattered power. At the position illustrated i Fig. 2 , the receiver is elevated above the main beam of the transmitter and consequently the majority of the received power has been scattered from the surrounding area causing the effective sidelobes (which are a function of the surrounding terrain features) to be much higher than the free space sidelobes. It must be emphasized, however, that the dramatic increase in relative power from horizon to overhe does not imply an increase in the total received power level. The actual power received at higher elevations is less than at lower elevations, but is much higher than would be expected from free space power calculations alone.
C. Discrete Positioning of Cylinders
To assess the scattering characteristics of a given environment it necessary to consider also fundamental scattering shapes, located at discrete points, corresponding to a realistic environment within the close far field of the surveillance region. The results of the analysis presented here were obtained using the same techniques described in the previous section, except that the homogeneous distribution of scatterers has been replaced by a smaller number of discrete scatterers. In Fig. 4 , the results are shown for the case of 100 cylinders located at discrete (but random) positions. The graph illustrates the relative amount of power incident upon a receiver positioned 9"
above the horizon at 0" in azimuth and 10 lan from the transmitter, equal to 10 loglo (PJPd). The abscissa corresponds to the main beam position. When the main beam is directed toward the receiver, the 0" position, the direct received power is at a relative maximum and, since the low sidelobe region is directed at the cylinders, the scatte power level is very low. This is obvious from the results that show that the lowest relative power levels occur for a 0" main beam position. When the main beam is rotated in the direction of a group of cylinders, the scattered power rises accordingly. However, since the sidelobes are now illuminating the receiver, the direct power levelhas been significantly decreased. From this output plot it is clear that the scattered power levels at the receiver may be as much as 35 dB above those expected in the absence of scatterers.
III. CONCLUSION
In laboratory testing of a low sidelobe antenna, results indicated a sidelobe level that was acceptable. However, when this low sidelobe
In these investigations, the scattered power level in the sidelobe region was found to be much higher than the direct power alone, for most receiver positions. This change in the effective sidelobes was 10 dB or more.
INTRODUCTION
In a recent paper [l] , a uniform, closed-form, geometrical theory of diffraction (GTD) solution has been developed for the electromagnetic scattering by a pair of parallel perfectly conducting wedges. Though limited to far-field scattering under plane wave illumination, this solution has the merit of being applicable throughout the overlapping transition regions of double edge diffraction, where the incidence and observation directions are close to the plane passing through the parallel edges. As is well-known, conventional GTD solutions, even those based on one of the uniform versions of the GTD (including slope diffraction) [2] -[4], fail in the above regions.
On the other hand, a uniform extension of the GTD into such regions proposed recently by Tiberio and Kouyoumjian [5], [6] though including near-field scattering and nonplane wave incidence, is li&ted to a single direction of either illumination or observation, namely, the one passing through the edges.
The solution in [l] is formulated for a general double-wedge structure, for which no exact or moment method (MM) solutions are available; hence no comparison with such solutions is made in [l] parallel-edge obstacle of finite (two-dimensional) cross section, like a strip or a polygonal cylinder, and compare with a MM solution, which is available for such a geometry. This is exactly the purpose of the present paper. A polygonal cylinder is treated in Section 11 and a strip in Section III.
The asymptotic analysis of the scattering by a perfectly conducting strip has a lengthy history starting from the classical work of is equivalent to the well-known "1/2-prescription" of Kouyoumjian and Pathak [3] for grazing rays.
The diffraction by wedge 2 is associated with the four terms Jim which differ from f in that N, is replaced by N2.
The term e" is responsible for the transition region of the first-order diffraction from A to B involving small di, and so are the terms Go and f:" with regard to the second-order diffraction for small 4. 
